Foxp3 have a pivotal role in maintaining immunological selftolerance [1] [2] [3] [4] [5] ; yet, excessive T reg cell activities suppress anti-tumour immune responses [6] [7] [8] . Compared to the resting T reg (rT reg ) cell phenotype in secondary lymphoid organs, T reg cells in nonlymphoid tissues exhibit an activated T reg (aT reg ) cell phenotype [9] [10] [11] . However, the function of aT reg cells and whether their generation can be manipulated are largely unexplored. Here we show that the transcription factor Foxo1, previously demonstrated to promote T reg cell suppression of lymphoproliferative diseases 12,13 , has an unexpected function in inhibiting aT reg -cell-mediated immune tolerance in mice. We find that aT reg cells turned over at a slower rate than rT reg cells, but were not locally maintained in tissues. aT reg cell differentiation was associated with repression of Foxo1-dependent gene transcription, concomitant with reduced Foxo1 expression, cytoplasmic localization and enhanced phosphorylation at the Akt sites. rT reg cells, defined by high expression of CD62L and low expression of CD44, were abundant in lymph nodes and spleens, whereas CD62L lo CD44
CD44
hi aT reg cells were present in both lymphoid organs and non-lymphoid tissues such as the liver and lamina propria of the intestine (Extended Data Fig. 1a ). To examine how T reg cells are maintained in these tissues, we connected congenically marked C57BL/6 mice using parabiosis (Extended Data Fig. 1b) . In line with a recent study 14 , rT reg cells as well as naive CD4
+ T cells reached chimaerism of approximately 50%, and aT reg cells, in particular lamina propria T reg cells, were skewed towards the host 2 weeks after surgery (Fig. 1a) . Nevertheless, in contrast to liver-resident CD49a + NK1.1 + cells, all T reg cell populations were mixed by 4 weeks (Fig. 1a) , revealing that they were not locally sustained for an extended period.
Antigen-experienced conventional T cells that recirculate through blood, lymph and non-lymphoid tissues can be short-lived effector cells or long-lived effector memory cells 15 . To dissect the homeostatic properties of T reg cells, we disconnected the parabionts after 4 weeks, and assessed the turnover of cells originated from the non-host parabiont (Extended Data Fig. 1b, c) . Lymph node or splenic rT reg cells turned over at a rate close to that of naive CD4 + T cells, with a decay half time of between 4 and 7 weeks (Fig. 1b) . In contrast, aT reg cells from these tissues turned over at a substantially slower rate, with a half time of around 14 weeks (Fig. 1b) . Notably, liver or lamina propria T reg cells had a comparable decay rate of between 13 and 15 weeks (Fig. 1b) . Thus, compared to rT reg cells, aT reg cells from both lymphoid and nonlymphoid tissues turn over more slowly, resembling effector memory T cells.
We wanted to determine how aT reg cell trafficking and homeostasis are regulated, and whether these processes can be manipulated. The transcription factor Foxo1 integrates diverse environmental signals to control T-cell homeostasis and differentiation 16, 17 . Expression of Foxo1 is essential for T reg cell function 12, 18 , but its role in aT reg and rT reg cell subsets has not been defined. To this end, we performed gene-expression profiling experiments of splenic aT reg and rT reg subsets. By cross-referencing the differentially expressed genes and + NK1.1 + innate lymphoid cells in the liver. n = 6. b, Parabionts were separated 4 weeks after connection, and the percentages of non-host chimaerism at 2, 6, 12 and 18 weeks after separation are shown. t 1/2 depicts the amount of time it took the population to decay to half of its original size. n = 4 for each time point. Data are mean ± s.e.m. Comparison between aT reg and rT reg : P = 0.0025 for lymph node; P = 0.0335 for spleen (two-way analysis of variance (ANOVA)).
Letter reSeArCH the Foxo1-regulated genes 12 , we found that aT reg or rT reg cells preferentially expressed the Foxo1-downregulated or -upregulated transcripts, respectively (Extended Data Fig. 2a and Supplementary Table) . Furthermore, in reference to a Foxo1 direct target gene signature 12 , the Foxo1-repressed or -activated transcripts were enriched in aT reg or rT reg cells, respectively (Fig. 2a and Supplementary Table) . Notably, several Foxo1-activated genes that promote lymphoid organ homing, including Klf2, Ccr7 and S1pr1, were highly expressed in rT reg cells, whereas the Foxo1-repressed genes potentially involved in T-cell migration or retention in tissues, such as Lamc1, Nid2 and Mmp9, were induced in aT reg cells (Extended Data Fig. 2b , c and Supplementary Table) . In line with RNA-sequencing data, protein levels of two well-defined Foxo1-activated targets, Ccr7 and Bim, were downregulated in aT reg cells (Fig. 2b) , supporting that Foxo1-dependent gene expression is repressed in aT reg cells.
Compared to rT reg cells, aT reg cells expressed lower amounts of Foxo1 transcript and protein ( Fig. 2c and Supplementary Table) . Foxo1 nuclear localization and protein stability is attenuated after phosphorylation by Akt 16, 17 . Indeed, while Foxo1 predominately resided in the nucleus of rT reg cells, it translocated to the cytoplasm of aT reg cells (Fig. 2d) . Phosphorylation of Akt, Foxo1 and the mTORC1 signalling pathway marker S6 ribosomal protein was increased in aT reg cells ( Fig. 2e and Extended Data Fig. 2d ). These findings demonstrate that aT reg cell differentiation is associated with activation of the Akt kinase, with concomitant repression of Foxo1 nuclear localization and expression.
Inclusion of an Akt inhibitor prevented the induction of aT reg from rT reg cells in vitro (Extended Data Fig. 2e ). To determine the specific role of Foxo1 inactivation in aT reg cells in vivo, we used a mouse strain expressing a mutant form of Foxo1 that is refractory to Akttriggered inhibition 12 . Fig. 3a, b) . As expected, CA triggered a dose-dependent increase of its target gene expression (Extended Data Fig. 3c ). Thymic T reg cell differentiation was unperturbed in CA/+ or CA/CA mice (data not shown). However, CD62L lo aT reg phenotype cells in lymph nodes were proportionally decreased in 9-12-day-old CA/+ or CA/CA mice (Fig. 3a) , in line with a role for Foxo1 in inducing CD62L expression [19] [20] [21] . T-cell activation markers CD69 and ICOS were comparably induced among T reg cells from wild-type, CA/+ or CA/CA mice, with the exception that a higher fraction of CD62L hi rT reg phenotype cells expressed these molecules in CA/+ or CA/CA mice ( Fig. 3b and Extended Data Fig. 3d) . Similarly, CD62L
hi rT reg phenotype cells in CA/CA mice expressed higher levels of the activation-associated genes, including Cd69, Egr2 and Il1r2, than wild-type rT reg cells (Extended Data Fig. 3e ). In addition, EdU labelling experiments showed that CA/CA rT reg phenotype cells had a higher proliferation rate than wildtype rT reg cells (Extended Data Fig. 3f) .
To dissect the effect of CA on T reg cells further, we purified CD62L hi CD44 lo CD69 − ICOS − rT reg cells from wild-type, CA/+ and CA/CA mice, and performed in vitro culture experiments. Compared to wild-type rT reg cells, the CA-expressing rT reg cells showed no defect in activation, proliferation or survival, but they failed to downregulate CD62L (Extended Data Fig. 4 ). CCR7 downregulation was also attenuated in CA-expressing T reg cells (Extended Data Fig. 3c ), revealing that relief of Akt-triggered Foxo1 inhibition is sufficient to maintain high expression of molecules involved in lymph node homing and intranodal T-cell migration. To determine whether such alteration perturbed T reg cell trafficking, we intravenously administered a CD4 antibody, which predominantly labelled cells in the red pulp or marginal zone of spleen, but not the white pulp. Fewer CA-expressing T reg cells were found among the labelled red pulp/marginal zone fraction (Fig. 3c) , whereas comparable percentages of conventional T cells were labelled (Extended Data Fig. 5a ), suggesting that CA Letter reSeArCH prevented the migration of T reg cells from white pulp to red pulp/ marginal zone.
rT reg and aT reg cells reside at different locations in secondary lymphoid organs, and engage discrete mechanisms of homeostatic maintenance 14 . Whereas the total proportion or number of lymph node CD62L hi T reg cells was similar or increased in CA-expressing mice compared to wild-type mice, CD62L
lo T reg cells were reduced with increasing doses of CA expression (Extended Data Fig. 5b, c) , resulting in reduced total lymph node T reg cells (Fig. 3d) . Thus, although Foxo1 inactivation is not essential for T reg cell activation, proliferation or survival, it is required to control the expression of trafficking molecules that may promote aT reg cells to migrate away from the rT reg cell niche and further expand. Indeed, CA expression from one or two alleles caused a dose-dependent reduction of liver T reg cells (Fig. 3e) .
To examine whether the aT reg cell defects were sustained beyond the neonatal stage, we analysed 4-6-week-old mice. Expression of CA triggered a dose-dependent reduction of aT reg cells in lymphoid organs as well as in non-lymphoid tissues, leaving rT reg cells less affected ( Fig. 4a and Extended Data Fig. 6a, b) . Compared to wild-type and CA/+ mice, all CA/CA mice succumbed to a wasting disease and death by 4 months of age ( Fig. 4b and Extended Data Fig. 6c, d ). In contrast to T reg -cell-specific Foxo1-deficient mice 12 , CA/CA mice did not exhibit the typical inflammatory phenotype associated with the 'Scurfy' mutation of Foxp3 such as tail crusting, splenomegaly or lymphadenopathy ( Fig. 4c and Extended Data Fig. 6c , e). Expression of CA did not perturb the levels of the T reg cell markers CTLA4, LAG3 and GITR, or T reg cell suppressive activity in vitro (Extended Date Fig. 6f, g ). Yet, a dense infiltrate of leukocytes were observed in many organs of CA/CA mice, including the liver and colon (Fig. 4d) . Serum alanine aminotransferase (ALT) activity, a biomarker for liver injury, as well as colon pathology scores were increased (Fig. 4e) , revealing that the immunopathology had resulted in tissue damage.
The autoimmune lethal phenotype in CA/CA mice was associated with activation of CD4 + and CD8 + T cells (Extended Data Fig. 7a, d ), yet they produced only modestly higher or comparable amounts of inflammatory cytokines compared to T cells from wild-type or CA/+ mice (Extended Data Fig. 7b , c, e, f). Splenic CD8 + T cells, however, expressed substantially higher levels of the cytolytic molecule granzyme B (GzmB) (Fig. 4f, g ). Much enhanced expression of GzmB, but not IFN-γ, was also observed in liver-and lamina-propria-infiltrating CD8 + T cells (Fig. 4f, g and Extended Data Fig. 8a, b ). In addition, T-cell populations were skewed towards CD8 + T cells in these tissues (Extended Data Fig. 8c ), suggesting that augmented effector CD8 + T-cell responses might trigger the immunopathology. To test this hypothesis, we crossed CA/CA mice to the CD8-deficient background.
Depletion of CD8
+ T cells completely rescued the wasting disease and lethal phenotype of CA/CA mice ( Fig. 4h and Extended Data Fig. 9a ). Serum ALT levels and tissue pathology were also fully rectified ( Fig. 4i and Extended Data Fig. 9b ). Collectively, these findings suggest that aT reg cells have a particularly important function in suppressing CD8 + T-cell-mediated tissue destruction. Spontaneous autoimmune pathology was observed in CA/CA but not CA/+ mice, in line with CA dose-dependent repression of aT reg cells ( Fig. 4a and Extended Data Fig. 6a, b) . CA expression also led to varying degrees of T reg cell reduction in different tissues, with the lamina propria more affected than the liver (Fig. 4a) . In fact, the magnitude of T reg cell loss in lymphoid organs and non-lymphoid tissues was inversely correlated with Foxo1 activity, as revealed by expression of two direct Foxo1 target genes (Fig. 5a ).
High numbers of T reg cells are found in tumours [6] [7] [8] , which is associated with poor prognosis of cancer patients 22 . The role of T reg cells in tumour immunity has been investigated primarily with methods that deplete T reg cells in all tissues 23, 24 . To study how CA affects tumourinfiltrating T reg cells, we used the MMTV-PyMT (PyMT) spontaneous mammary tumour model 25 . Similar to T reg cells from the liver and lamina propria, tumour-infiltrating T reg cells exhibited an activated phenotype (Extended Data Fig. 10a ), yet they expressed the lowest level of Foxo1 targets (Fig. 5a ), suggesting that they might be most sensitive to Foxo1 gain-of-function. To test this hypothesis, we crossed CA/+ mice to the PyMT background. Indeed, tumour-infiltrating T reg cells were diminished by 2.6-fold with CA expression from one allele (Fig. 5b, c) , which resulted in profound inhibition of tumour growth (Fig. 5d) . Although CD8 + T cells were phenotypically indistinguishable in healthy tissues from CA/+ and wild-type mice (Fig. 4f, g ), + T cells. Quantification shows percentages of T reg cells among total CD4 + T cells. n = 6 (WT, CA/CA); n = 4 (CA/+). All mice were 9-12 days old. Data are mean ± s.e.m. Results represent at least three independent experiments. *P < 0.05; **P < 0.01; ****P < 0.0001 (unpaired t-test).
Letter reSeArCH mice. n = 4. All mice were 4-6 weeks old. Data are mean ± s.e.m. *P < 0.05; **P < 0.01; ***P < 0.001; ****P < 0.0001 (unpaired t-test). Cre Foxo1CA/+ (CA/+) mice received orthotopic inoculation of PyMT-derived mammary tumour cells (AT-3) (g-i), or subcutaneous injection of B16 melanoma cells (j-l). g, j, Tumour growth curve of wild-type and CA/+ mice. n = 8. h, k, The frequencies of T reg cells among CD4 + T cells in tumours of wild-type and CA/+ mice. In h, n = 4 (WT); n = 5 (CA/+). In k, n = 6. Numbers above plots indicate fold change in comparison to wild type. i, l, The frequencies of GzmB-expressing CD8 + T cells from tumours of wild-type and CA/+ mice. In i, n = 4 (WT); n = 5 (CA/+). In l, n = 5 (WT); n = 6 (CA/+). Results represent at least three independent experiments. Data are mean ± s.e.m. *P < 0.05; **P < 0.01; ***P < 0.001; ****P < 0.0001 (unpaired t-test (c, f, h, i, k, l) and two-way analysis of variance (ANOVA) (d, g, j) ).
Letter reSeArCH tumour-infiltrating CD8
+ T cells from CA/+PyMT mice expressed higher amounts of GzmB (Fig. 5e, f) .
Tumour progression in PyMT mice is accompanied by loss of genome stability 26 , which induces accumulation of mutations to foster cell transformation. To determine whether CA expression in T reg cells could inhibit growth of already transformed cells, we used syngeneic AT-3 cells derived from PyMT mice. Orthotopic implantation of AT-3 to the mammary fat pad resulted in aggressive tumour growth and lethality in wild-type mice, both of which were attenuated in CA/+ mice ( Fig. 5g and Extended Data Fig. 10b ). CA expression led to a 6.5-fold reduction of tumour-infiltrating T reg cells (Fig. 5h and Extended Data Fig. 10c) , which was associated with increased expression of GzmB in tumour-infiltrating CD8 + T cells (Fig. 5i and Extended Data Fig. 10d) . Importantly, depletion of CD8 + T cells by crossing CA/+ mice to the CD8-deficient background restored tumour growth (Extended Data Fig. 10e) , revealing an essential function for CD8 + T cells in tumour suppression. To investigate whether the CA effect was applicable to tumours of other tissue origin, we used B16 melanoma cells. Similar to AT-3, B16 growth was inhibited in CA/+ mice (Fig. 5j) , which was accompanied by an approximately tenfold reduction of tumour-infiltrating T reg cells and increased GzmB-expressing CD8 + T cells (Fig. 5k, l) . These findings reveal that tumour-associated T reg cells are generally more susceptible to CA-triggered depletion.
rT reg and aT reg cell subsets are well defined in humans and mice 9, 10 , but their individual contributions to immune tolerance have been enigmatic. Our data reveal that Foxo1 repression is a major transcriptional reprogramming event associated with differentiation of aT reg cells, which supports their distinct migration pattern resembling that of effector memory T cells. Using a Foxo1 gain-of-function model that preferentially triggers aT reg loss in peripheral tissues, we could identify a prominent role for these cells in the control of CD8 + T-cell tolerance. Although CD4 + T cells are insufficient to induce immunopathology, aT reg cells might inhibit their helper function to suppress cytotoxic T-cell responses. In addition, aT reg cells may inhibit CD8 + effector T cells by modulating antigen-presenting cells as shown in a tumour model 27 . Importantly, tumour-associated aT reg cells are more susceptible to Foxo1-triggered depletion as a likely consequence of higher antigen load, and effective tumour immunity can be induced without overt spontaneous autoimmunity. aT reg cell differentiation is dependent on T-cell receptor signalling 28, 29 that inactivates Foxo1 via Akt. Drugs that target upstream TCR signalling molecules, as recently shown for phosphatidylinositol-3-OH kinase (PI(3)K) 30 , may impinge on the Foxo1 pathway to break T reg -cell-mediated tumour immune tolerance selectively.
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MethOdS
Mice. The Foxo1CA (Foxo1
AAA knock-in) and Foxo1tag-GFP (Foxo1 tag ) mouse models, as well as MMTV-PyMT on C57BL/6 background were previously described 12, 25 . C57BL/6, CD45.1 + and CD8 −/− mice were purchased from Jackson Laboratory. Mice with T reg -cell-specific expression of Foxo1CA were generated by crossing Foxo1 AAA with Foxp3 Cre mice 31 .
Foxp3
Cre mice express yellow fluorescent protein (YFP) from the Foxp3 locus, and were used as a reporter for sorting experiments. To mark T reg cells with red fluorescent protein (RFP) in the Foxo1tag-GFP experiment, Foxo1 tag mice were bred with Foxp3-IRES-RFP mice 32 . In all experiments, littermate controls were used when possible. Unless mentioned otherwise, both male and female mice were included. All mice were maintained under specific pathogen-free conditions, and animal experimentation was conducted in accordance with procedures approved by the Institutional Animal Care and Use Committee of Memorial Sloan Kettering Cancer Center. Investigators were not blinded to group allocation and outcome assessment. No statistical methods were used to predetermine sample size and the experiments were not randomized. Parabiosis. Parabiosis and separation were done as reported 33 with 6-8-week-old cogenically marked female C57BL/6 mice that were matched for body weight. In brief, matching skin incisions were made from the elbow to the knee of each mouse. Forelimb and hindlimb connections were made with sutures and skin incisions were closed using woundclips. For separation, connections between parabionts were disrupted and skin incisions were closed using woundclips. Parabionts were maintained for 4 weeks before surgical separation. Separated parabiont mice were analysed up to 18 weeks after surgery. Tumour models. MMTV-PyMT spontaneous tumour model was previously described Cell isolation. After whole-body perfusion with 50 ml of heparinized PBS, lymphocytes were isolated as follows. Single-cell suspensions were prepared from spleens and peripheral (axillary, brachial and inguinal) lymph nodes by tissue disruption with glass slides. To isolate cells from the liver, tissues were finely minced and digested with 1 mg ml −1 collagenase D (Worthington) for 30 min at 37 °C. For lamina propria lymphocytes isolation, colon was dissected and washed in HBSS. Intestinal pieces were stirred in 1 mM dithiothreitol (DTT) in HBSS to release intraepithelial lymphocytes. The remaining intestinal tissues were finely minced and digested with RPMI plus 5% FBS and 1 mg ml −1 collagenase D for 30 min at 37 °C. For tumour-infiltrating immune cell isolation, tumour tissues were prepared by mechanical disruption followed by 1 h treatment with 280 U ml −1 collagenase type 3 (Worthington) and 4 μg ml −1 DNase I (Sigma) at 37 °C. After the digestion steps, cells isolated from the liver, lamina propria and tumour were filtered through a 70-μM cell strainer, layered in a 44% and 66% Percoll gradient (Sigma), and centrifuged at 1,600g for 30 min without brake. Cells at the interface were collected and analysed by flow cytometry. Flow cytometry. Flurochrome-conjugated, biotinylated antibodies against CD45.1 (clone 104), CD45.2 (A20), TCR-β (H57-595), CD4 (RM4-5), CD8 (17A2), CD44 (IM7), CD62L (MEL-14), CD69 (H1.2F3), CCR7 (4B12), Foxp3 (FJK-16 s), ICOS (C398.4A), IFN-γ (XMG1.2), IL-4 (11B11) and NK1.1 (PK136) were purchased from eBiocience. Antibodies against CD49a (Ha31/8) and IL-17a (TC11-18H10.1) were purchased from BD Biosciences. Anti-GzmB (GB11) was purchased from Invitrogen. Purified antibodies against Bim (C34C5), p-Akt(S473) (736E11), p-Akt(T308) (C31E5E), p-Foxo1(T24) and p-S6(S240) were purchased from Cell Signaling. All antibodies were tested with their respective isotype controls. Cell surface staining was performed by incubating cells with specific antibodies for 30 min on ice in the presence of 2.4G2 monoclonal antibody to block FcγR binding. CCR7 staining was incubated in 37 °C for 30 min before cell surface staining. Foxp3, Bim, GzmB, IFN-γ, IL-4 and IL-17a staining was carried out using the intracellular transcription factor or cytokine staining kits from Tonbo or BD Biosciences. Phosphorylation staining was performed using BD phospho-protein kit. Secondary antibodies with flurochromeconjugation were used for the staining of purified antibodies. To determine cytokine expression, isolated cells were stimulated with 50 ng ml −1 phorbol 12-myristate 13-acetate (Sigma), 1 mM ionomycin (Sigma) and GolgiStop (BD Biosciences) for 4 h before staining. Incorporation of EdU was measured using the Click-iT EdU flow cytometry assay kit according to the manufacturer's instructions (Invitrogen). Mice were injected intraperitoneally with 50 μg g −1 body weight of EdU and euthanized 18 h later. For all stains, dead cells were excluded from analysis by means of Live/Dead Fixable Dye (Invitrogen), DAPI or propidium iodide stain. All samples were acquired and analysed with LSRII flow cytometer (Becton Dickson) and FlowJo software (TreeStar). In vivo T-cell labelling. Anti-CD4-biotin (RM4-4, BioLegend) (2 μg) was injected intravenously, and mice were euthanized 5 min after injection. Splenocytes were prepared for flow cytometric analysis as described above. Streptavidin conjugated with fluorophore was used as the secondary labelling for anti-CD4-biotin, and a non-competing clone of CD4 antibody (RM4-5, eBioscience) was used to stain total CD4
+ cells. YFP/Cre mice by FACS sorting. RNA was prepared with the miRNeasy Mini Kit according to the manufacturer's instructions (Qiagen). Complementary DNA (cDNA) libraries were amplified using the SMARTer RACE Amplification Kit (Clontech), and were sequenced in replicate using 50-base-pair paired-end reads at Genomics Core Laboratory of MSKCC. Ribosomal RNA reads were quantified and filtered using the short-read aligner, Bowtie v2.1.0 (ref. 34 ). The remaining reads were aligned to the mouse genome (mm10) using the STAR v2.3.1 short-read aligner 36 . Additional quality control was performed using RSeQC v2.3.7 (ref. 37) . Gene abundance was quantified by featureCounts 38 via the Subread analysis suite v1. 4.3 (ref. 39) . Differential gene expression was estimated using the DESeq2 R package with gene annotations curated in GENCODE version 2 for mouse reference genome GRCm38 (Ensembl 74) 40 . Quantitative PCR. RNA extraction was performed using RNeasy columns (Qiagen) and cDNA was generated using QuantiTect Reverse Transcription Kit (Qiagen) according to the manufacturer's instructions. RT 2 SYBR Green kit (Qiagen) and Stratagene Mx3500 (Agilent) were used in the qPCR experiments. mRNA levels of Lamc1, Nid2, Mmp9, Cd69, Egr2, Il1r2 and Actb were determined by the primers listed below. The mRNA amounts were normalized to those of Actb.
In vitro
Lamc1: 5′-GGTGGTCTGTTTCAGCCATT-3′ and 5′-TGCCACAAAATCT CAGCTTG-3′; Nid2: 5′-TGGATATGGCCAAGGAGAAG-3′ and 5′-CACC GAGGACAGTTTCCATT-3′; Mmp9: 5′-ACCTTCCAGTAGGGGCAACT-3′ and 5′-TGAATCAGCTGGCTTTTGTG-3′; Cd69: 5′-TCCGTGGACCACT TGAGAGT-3′ and 5′-ATACTGGTGCCATGGTCCTT-3′; Egr2: 5′-AGGCCGT AGACAAAATCCCA-3′ and 5′-TGATCATGCCATCTCCCGC-3′; Il1r2: 5′-TGG TGCACACAGGAAAGGTT-3′ and 5′-TGGAGATGTCGGAGTGAGGT-3′; Actb: 5′-TTGCTGACAGGATGCAGAAG-3′ and 5′-ACATCTGCTGGAAG GTGGAC-3′. Immunofluorescence microscopy. Foxo1 localization experiment: spleens from wild-type mice were immediately disrupted using glass slides into Cytofix/ Cytoperm buffer (BD). After incubation for 30 min at room temperature, the cells were washed, resuspended in 90% methanol and incubated on ice for 30 min. After an additional wash, cells were stained for surface and intracellular antigens, including CD4, CD44 and Foxp3, for 45 min at room temperature in the dark. rT reg (CD4 
